Abstract. In this paper, the static and dynamic equations of the blade are derived, the comparison between analytical method and finite element analysis results. Finding the error of the two methods is less than 1%. The influence of the distribution characteristics of the blade crack on the static and dynamic frequency was studied by using ANSYS software. The result shows that the influence of crack direction on frequency is similar, the effect of the different speed on the dynamic frequency of the blade is not the same.With the change of crack position, the dynamic and static frequency of the blade decreases and then increases.The deeper the crack depth, the lower the dynamic and static frequency of the blade.
Introduction
Wind turbine blade carries the main task of energy conversion, which is an important component of wind energy conversion. The initiation and cessation of the frequent periodicity and randomness of the blades are the root causes of the failure of the cracks. The natural frequency of the blade is affected by the depth and position of the crack.
The cracked blade natural frequency change is caused by blade stiffness or quality changes. The change of the stiffness or quality of the structure will lead to different degree of detuning.The detuning of the blade brings great threat to the safe operation of the wind turbine.The literature [1] , the effect of crack parameters on the frequency steering characteristics of aero engine blade was analyzed. The literature [2] , by introducing the stress stiffening of the blade and the effect of the softening of the blade on the natural frequency of the blade The literature [3] , the low-order vibration characteristics of leaf blades were investigated by the variation of crack and depth in the inlet and outlet of cracked blades.
In this paper, ANSYS software is used to study the influence of different cracks on the position and depth of the blade on the first order static and dynamic frequency of wind turbine blades.
Numerical Analysis
In this paper, the fixed root of blades equivalent torsion free and equal section into a uniform cantilever beam structure using Rayleigh method for dynamic frequency formula. Assuming that there exists a modal function satisfying the boundary, the fundamental frequency can be solved [4] . According to the Rayleigh energy method of bending beam energy. 
In the type: ρ is the density,A is the cross-sectional area. By (2) , (3) In the type: ω is the angular velocity,x is means to the center shaft distance. To the left of the above type static frequency is Ω s ,in order to better identify the static frequency and centrifugal force of the vibration frequency, the (6) can be changed to:
By f=2π / Ω shows that the dynamic frequency formula: (8) This paper uses SHELL181 unit with cantilever beam structure as the research object [5] . high is 8m, width is 0.12m, thickness is 0.2m, elastic modulus is 2.15e 11 pa, Poisson's ratio is 0.31, density is 7800kg/m 3 , load and boundary conditions: one end fixed, one end free rotation around the Z axis, the speed of n=360rad/min. This paper mainly lists five order before blade frequency of modal frequency and theoretical calculation of the comparative analysis, such as The table 1 shows that the ANSYS software analysis of the blade frequency and the theoretical value is very close, dynamic and static frequency error is less than 1%, ANSYS numerical results to meet the needs of the analysis. The real variable section (variable thickness and width) blade adopts analytic method, which is difficult to solve. Therefore, the finite element method is used to analyze the real blades, which not only improves the accuracy, but also improves the efficiency. In this paper, the first order torsion of different position and depth of the blade is analyzed.
Blade Model Building
In this paper, Blade geometry model is figure 1, the height of the blade root is 0.5m, and the height of L is 8m. The blade material is made of an orthotropic glass fiber reinforced plastic composite material, which parameters in the normal temperature are as follows:Tab.2 [6] . Table E 1 indicates spanwise elastic modulus, E 2 is the radial elastic modulus, G 1 is the shear modulus ,NUXY is the Poisson's ratio, ρ is the density. The distance from the root of the crack is L 1 , which depth is a. The geometric model is shown in Figure 1 .
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Fig.1 Blade Geometry Model

Result analysis
The crack depth at the distance of the root L 1 =1/9 is a=1mm, 2mm, 3mm, 4mm, 5mm and other different depth of crack, Y direction of the first order dynamic frequency at different speeds, as shown in figure 2.
Fig.2 Relationship Between the First Order Dynamic Frequency and Rotational Speed of Y direction
By Fig. 2 , the same crack depth with different frequency under different speeds. When the fan rotates, it is subjected to the action of centrifugal force acting on the crack . The increase of the stiffness of the blade caused the frequency of the crack is also gradually improved and a curve with increasing frequency and increasing speed is formed . The depth of the crack at the same speed of change is not obvious. The variation trends of different crack depths at different speeds are similar to those of the same crack at different speeds.
Crack at different depths in the same position of blade, X direction of the first order dynamic frequency at different speeds of the relationship, as shown in Fig. 5 . Fig.3 Relationship Between the First Order Dynamic Frequency and Rotational Speed of X direction By figure 2-3 shows that the vibration of blade in X direction is more complicated than that in Y direction. In Figure 3 , In the same condition of rotating speed, the deeper the crack is, the smaller the corresponding frequency of X. The depth of the blade with smaller crack depth is deeper than the deep blade with high natural frequency. The X direction of different crack depth first order the dynamic frequency is as speed increases, the dynamic frequency frequency is also rising.
There is a different depth crack at the distance of the blade root L 1 =1/9. The speed and crack depth are not the same as the first order torsion frequency of the blade through the modal analysis. Fig.4 shows the 0-15rad/min -1 speed range of different crack depth of the crack, with increasing speed, frequency increases slowly; When crack depth of 3mm, 4mm, 5mm, The rotational speed is higher than 15rad/min -1 , the first order torsion frequency increase; The curves of different depth crack change law curve are similar.
Fig.4 First Order Torsional Frequency Curves at Different Speeds
There is a relative position of L 1 /L=0, 1/9, 1/4, 1/3, 4/9, 5/9, 2/3,7/9 different cracks.Through multiple modeling, the relative position of the first order dynamic frequency and crack of the crack blade is analyzed, as shown in Fig.5 and 6 . Fig.5 The relationship between the first order static frequency and the relative position of the crack Fig.6 The relationship between the first order dynamic frequency and the relative position of the crack From Fig.5, 6 show that the blade crack with the crack location from root to tip changes,the first order static and dynamic frequency of blade decreases and then increases. For the blade with different crack depth, the relative position of 1/4 is the lowest. It is indicated that the 1/4 is prone to failure at the relative position, the blade should be focused on the area once the crack failure occurs. Along with the crack position away from the blade root, the rate of change of the blade's static and dynamic frequency is also slow down.
Cracks at different depths in the L1=1/9 of the root of the leaves,the relationship between the first order dynamic frequency and the crack depth of the blade is shown in Fig.7 . Fig. 7 Relationship between crack depth and first order dynamic frequency From Fig.7 , the static frequency of the same crack depth crack blade is lower than the frequency of the dynamic frequency; when the crack depth is extended, the blade dynamic and static frequency are decreased, and the rate of decline is more and more fast. The gradual increase of the crack depth greatly weakens the structural stiffness, reduces the natural frequency of the blade, but has no obvious effect on the quality.
Conclusion
In this paper, an analytical method is used to derive the dynamic equation of the blade, the finite element method is used to analyze the dynamic frequency of the blade,the results of comparative analysis and finite element analysis show that the finite element analysis method is effective and correct. Influence on the variation of frequency of crack direction and speed are similar, The natural frequency increases with the increase of the velocity and the change of the crack location, blade dynamic and static frequency changes showed a trend of decreased first and then increased, the crack depth, the lower the frequency of leaf movement.
